spot of tobacco, early blight of tomato and potato,-and seedling chlorosis of citrus are caused by this genus (8) .
Christensen et al. (4) found Alternaria to be one of the genera most consistently isolated in 943 fungal isolates. Of these Alternaria from foods and animal feeds, 90% were lethal to rats when fed in a sterilized corn-rice mixture. The percentage was greater than that obtained with isolates of Aspergilli, Fusaria, and Penicillia from the same sources. Doupnik and Sobers (9) reported that 31 of 96 Alternaria isolates from tobacco were lethal to chicks. Toxic effects in geese (10) and a hemorrhagic syndrome in poultry (11) have been attributed to Alternaria.
Several compounds have been isolated and identified. Most interest has concerned the role of these compounds in plant pathogenesis and their potential use as antibiotics (8, 12 ). An exception is tenuazonic acid, a compound of the tetramic acid class. Interest in its potential for toxicity to animals developed when the compound was shown to have antitumor activity (13, 14) . When tested, the LD50 doses for sodium tenuazonate administered to mice orally were 81 mg/kg for females and 186 mg/kg for males; in rats the corresponding values were, respectively, 168 and 180 mg/kg (15) . Meronuck et al. (16) found that 23 of 34 Alternaria isolates were lethal to rats. Salts of tenuazonic acid were identified in 20 of the 23 lethal isolates, and the compounds were considered to be the major toxins. However, since some isolates were toxic but did not contain tenuazonic acid, other toxins appear to be present. Tenuazonic acid has been found in fieldinfected tobacco (17) . Quantitative data on the amounts of tenuazonic acid in toxic extracts are not available, and this information is necessary to better correlate the degree of observed toxicity with the presence of this metabolite.
The Alternaria are known to produce compounds of at least two other structural classes. The first are dibenzo-a-pyrones (12, 18, 19) . These are often major components of the crude fungal extracts. The structures of two, alternariol (AOH) and alternariol monomethyl ether (AME), were established in 1953 (12) , yet almost no toxicity data are available. Recently, our laboratory isolated and elucidated the structure of two more dibenzo-a-pyrones, altenuene and altenuisol (20, 21) . We isolated two compounds, which we call altertoxin I and altertoxin II, which now represent a third structural class (unpublished data).
Initial investigation of the cytotoxicity of the dibenzo-a-pyrones has indicated a high toxicity (22) . For HeLa and lymphoma L5178Y cells, the ID50 values for AOH and AME were 6 and 8 ,ug/ml, respectively. We now present further data on the toxicity of these compounds to bacterial and tissue cell cultures, to female mice, and to fetal mice in utero. The toxicities of crude extracts, pure components, and a combination of two of the components, AOH and AME, are compared.
Methods

Cytotoxicity
HeLa S3 cells were grown in monolayer culture, and the toxicity of purified mycotoxins or crude fungal extracts was evaluated as previously described (23) . Bacterial toxicity toward Bacillus mycoides ATCC 6462 was carried out by using the paper-disc agar plate method (24) .
Toxicity to the Young Adult Mouse
Female mice weighing 18-21 g were studied. These included the 4-5 week-old CD-1 mouse (Charles River Breeding Laboratories, Inc., Wilmington, Massachusetts) and 8-10 week-old DBA/2 mouse (Jackson Laboratories, Bar Harbor, Maine). Purified mycotoxins were administered as a single dose intraperitoneally (IP) in 0.1 ml DMSO. Crude fungal extracts were injected IP at a dose of 100 mg/kg/day for 3 consecutive days. The number of deaths that occurred within 14 days was recorded. External signs of toxicity were sought in the animals that survived. After AOH and AME administration, an animal from each test group that survived was sacrificed each month for 10 months. The liver, kidneys, heart, lungs, spleen, and thymus were fixed in 10% neutral buffered formalin for histologic examination. Liver/ body and spleen/body weight ratios were calculated.
Fetotoxicity and Teratogenicity
DBA/2 mice were used. The day that a vaginal plug was found was considered day 1 of gestation. The test compounds were administered subcutaneously in DMSO or orally in honey:water (1:1) from days 9 to 12 or 13 to 16 of gestation. Controls were untreated or they received the appropriate solvent. The mice were then sacrificed on day 20 of gestation for examination of the young. The number of live, dead, and resorbed fetuses was counted, and the live fetuses were fixed in Bouin's solution for examination of the internal organs by the method of Wilson (25) . Some were fixed in alcohol for clearing and staining of the skeleton with alizarin red S (26 (27) . The cultures were extracted with acetone-water Environmental Health Perspectives (7:3, v/v) and separated into tetrahydrofuran (THF)-soluble and insoluble fractions.
The dibenzo-a-pyrone metabolites AOH, AME, altenuene, and altenuisol were isolated from Alternaria tenuis by silica gel G column chromatography of the THF-soluble extract, an increasing THF-in-benzene elution series being used as reported (20, 21) .
AOH, AME, and altenuene were determined quantitatively as trimethylsilyl derivatives in crude extracts by using the gas-chromatographic method of Pero et al. (28) .
Concentrations of altenuisol in crude extracts were not determined because an analytical method was not available. However, its presence was determined by thin-layer chromatography (TLC) on 250 p silica gel G after development in 30% THF in benzene (21) . Altertoxins I and II were isolated in a similar manner to that above but from Alternaria mali and with an increasing ethyl acetate-in-benzene elution series. The alter-. toxins elute in 30% ethyl acetate in benzene.
Altertoxin I has not been crystallized but has the empirical formula C20H1606. Altertoxin II was crystallized from DMSO-water mixtures and has the empirical formula C20 H1 406
Altertoxin I was determined quantitatively by a fluorodensimetric assay. A Zeiss thinlayer chromatogram spectrophotometer with a mercury lamp was used. Altertoxin I was excited by light passing through an M-365 filter and assayed by light emitted at 534 mg.
The concentration of altertoxin I was proportional with transmission from 0.1 to 5.0 pg. Altertoxin II gives a black quenching spot under ultraviolet light on the TLC plates. A method for analysis has not been worked out for this compound. aThe lowest concentration of toxin at which there is a measurable zone of inhibition around the assay disc.
RultS
The crude extracts from Alternaria isolates that had been reported to be lethal to rats showed that most of the cytotoxicity against the bacteria was in the THF-soluble fraction ( Table 2 ). All of the Alternaria compounds in Table 1 are freely soluble in THF, with the possible exception of the salts of tenuazonic acid. The activities of the crude extracts were much greater than that of the compounds taken singly. Synergism is thus, again suggested. It is notable that both AOH and AME were present in all of the extracts (Table 3) . Altertoxin I was also present in most extracts but at much lower concentrations.
When administration was to mice, the toxic principles were again found to be in the THF-soluble fraction of the isolates (Table 4) . AME produced the least lethality (Table 5) . There was no evidence of synergism between AOH and AME as there was in the case of Bacillus mycoides (Table 5 ). The mice receiving AOH and AME often were sedated within a few minutes. When recovery occurred it was within 24 hr. The eyes of the mice were dull, and there was occasional stomach spasm and periodic panting. The altertoxins were lethal to the mice at 200 mg/kg. Toxicity with this compound was characterized by inactivity, subendocardial and subarachnoid hemorrhage and blood in the cerebral ventricles. It is seen in Table 3 that altertoxin I occurred in all of the extracts except that from isolate C-2.
Environmental Health Perspectives The effects of AOH and AME on body and organ weight are presented in Table 6 . Mice dosed with either AOH or AME weighed slightly less than the controls. Liver/body weight and spleen/body weight ratios were slightly less than in controls, but this was due to reduction of body weight. Histologic aThe dose was equivalent to 300 mg/kg of the initial acetone-water (7:3) extract.
bExpressed as number of mice that died in 14 days/number of mice tested. examination of the tissues did not reveal abnormalities. Table 7 shows that the combination of AOH and AME at 25 mg/kg each, administered on days 9-12 of gestation, resulted in an increased percentage of dead and resorbed fetuses/litter and runts/litter. The number of bTwo large spleens were recorded (0.4 10 g and 0.225 g).
malformed fetuses approached but did not reach significance at the two higher doses. AOH alone, at 100 mg/kg, also increased the percentage of dead + resorbed fetuses/litter and runts/litter. This dosage, however, was shown to have a low degree of toxicity in young adult female mice, as already described. AME, administered on the same days, did not yield effects that reached significance. When AOH was administered at 100 mg/kg on days 13-16 of gestation, the percentage of malformed fetuses increased; AME did not yield effects at the 50 mg/kg dose. Malformations, when seen, were of a variety of types. Most occurred in the controls at lower incidences. The data indicate a fetotoxic effect of AOH at 100 mg/kg and suggest synergism between AOH and AME, since the combination of each at 25 mg/kg yielded significant responses.
Conclusion
Exposure of humans to acutely toxic levels of Alternaria components through the food supply is unlikely if fungicidal applications and sanitary storage methods are practiced. However, low-level, long-term exposure is an additional hazard. In order to assess the importance of the components of Alternaria as toxic contaminants of our food supply, we must know what toxins are produced in the different species of the genus and how these vary with alterations in their environments. The present study represents a beginning for the determination of the relationship of Alternaria to environmental health problems.
We know of at least three classes of toxic metabolites produced by the Alternaria: the dibenzopyrones, the tetramic acids, and the group represented by altertoxins I and II. All have been shown in this work to have some degree of toxicity. A synergistic effect between AOH and AME has also been shown in two of the tests, and both AOH and AME are present in all of the species. Whether or not the compounds discussed represent a hazard to humans remains to be determined. It is the opinion of the authors that further research should be encouraged to establish or negate the importance of these compounds as environmental toxins. Table 7 . Fetotoxic and teratogenic effects of alternariol (AOH) and altemariol monomethyl ether (AME) on DBA/2 mice. bAdministered in 0.05 ml DMSO, subcutaneously. Cp I0.05. dp < 0.01. eAdministered in 0.10 ml DMSO, subcutaneously. fAdministered in 0.10 ml honey-water, 1:1.
